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Recent experiments on wn—p and n—n collisions at the negative pion momentum
P = 40 GeV/e, carried out on the two-meter propane chamber at Serpukhov, have mani-
fested undoubtedly a linear dependence of the average number of neutral pions on the
number of charged tracks (). Experiments which have been made on ISR at CERN
and also in NAL at Batavia justify this regularity by the example of pp collisions at
energies ~ 1500 and ~ 200 GeV (2-3). We note here that at lower energies the effect of
the correlation between neutral and charged pions appears considerably weaker.

In this paper we will present a joint quantitative description of charge distributions
and correlations of neutral pions and charged tracks in n~p and =n~n interactions at
P=40GeV/c. And in this description we will employ a phenomenological model (%5}
based on those knowledges about multiparticle production at high energies which have
been achieved in studies of the coherent-state model (¢) and of the field theory models
in the straight-line path approximation (7).

Let us point out that for the first time a theoretical hint about the linear dependence
of the average number of neutral pions on the number of charged particles, within the
framework of the model under consideration, has been given in ref. (). In a number of
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recent works (see, e.g., ref. (8)) the linear correlation is discussed on the basis of vari-
ous assumptions about the isotopic properties of clusters and their decay laws. As we
have no possibilities to consider in detail all the numerous approaches to the given prob-
lem, we simply refer the reader to the reviews (?).

The main point of the discussed model is the assumption that there exist two
mechanisms for secondary-particle production. These are as follows:

i) there exist the leading particles which can dissociate with local conservation
of isospin;

ii) in the interaction process the hadron associations are also produced in a statisti-
cally independent way, then they decay into pions.

It is quite natural to suppose that the mean numbers of these hadron associations
do not depend on the type of colliding particles at high energies.

A comparison of the model with experiment indicates that, to describe charge dis-
tributions and correlations between neutral and charged particles in =p and = n inter-
actions at P = 40 GeV/c, it is sufficient to consider only the simplest channels of disso-
ciation of the colliding particles and the hadron associations with isospin I=0. Thus,
we consider the dissociation of the leading nucleon N’ in the following scheme (*):

i} N’=> N with probability «,,
ii) N’ >N'n® with probability a,,
iii) N’ >N+ with probability a;.

3 .
Here z o;= 1, and, in addition, e;= 2z, by the assumption of local isospin con-
=1
servation.
As another source for secondary-particle production let us introduce the o and o
associations which are produced by the Poisson law, with isospin I= 0 and G-parity
@ = 1 1. We confine ourselves to the main schemes for decays of the ¢ and w associations:

i) ¢ > ntn—, n%x=°,
i) w-— wtrnd,

Keeping in mind the model assumptions, one can easily see that the production prob-
ability for a number of pairs n,, n, and of triplets of pions ny, at the given channel ¢ of
the dissociation of the leading nucleon, is defined as follows:

(1) W:;ﬁ.n..n, = “iPn*(at)Pn.(a'o)Pn.(b) ’
where P,(%) is the Poisson factor, and a,, a,, b are the average numbers of pion pairs

ntr, ©'n® and of pion triplets w+r—n® respectively. From the condition that the pairs
mtr- and n%r® are produced with isospin I= 0, a,= 2a,= a follows.

(*) E. L. BERGER, D. HorN and G. H. THOMAS: NAL preprint, Argonne, Ii. (1972), D. HoRN
and A. ScHWIMER: CALT preprmt Cal. (1972).

(*) A. WROBLEWSKI: rapporteur talk at the Kiev Conference (1970); M. JacoB: rapporteur talk at
the Batavia Conference (1972); R. MURADYAN: dutomodelily in inclusive reactions (in Russian); JINR,
P2-6762, Dubna (1972).

(*) For the sake of simplicity we do not consider strange-particle production. .



592 V. G. GRISHIN, G. JANCS6, S. P. KULESHOV, ETC.

It is evident that the numbers of charged particles n, and neutral pions nge can be
represented in the following manner:

2) nl = 2ny, + 2ng+ I,

(3) Npo = 2m + Ny + lis

where 1., lzs are the numbers of charged particles and T,-mesons among the produets of
the dissociation of the leading particles in the i-th dissociation channel (see Table I).

TaBLE I.

i=1 t=2 t1=3

np T p T n =P T n
i, 1 2 1 2 3
lno 0 0 1 1 0 0

From the tormula (1) for the distributions of the number of charged particles it fol-
lows:

for =p interactions
(4) Wm(“—p) = P(n,—z)/z(a') ,
for nn interactions

(5) W (rn) = (1 — 20,) Py, _yys9(a’) + 200, Py g0’} ,

where @' = a 4 b has the meaning of the mean number of pairs n*n— including a con-
tribution from similar combinations among the pion triplets m+m—n®.

A comparison of the formulae (4) and (5) with the experimental data at P = 40 GeV/c
reveals good agreement (see Fig. 1 and Table II). We have also found the value of the
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Fig. 1. —a) x*=8, n™p at P =40 GeV/ec; b)x*=8.5, n™n at P =40 GeV/ec.
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TasLe II.

Type of  Number % vD P P Degrees

inter- of fit by the fit by the of

action events Wang I suggested freedom
model model

Tp 4400 5.624-0.4 2.75 8 8 8

nn 1860 5.3240.7 2.82 13 8.5 7

average number of wtn- combinations (a’= 1.81 4 0.02) and the nucleon charge ex-
change coefficient (2¢;= 0.36 4- 0.04). Unlike the Wong-I model (1), if one uses a
distribution of the type of a superposition of Poisson factors with the same number of
parameters, a good joint description for m—p and nn collisions with the same average
value of w*n— combinations a’' may be given (*).

As a second step in the use of the distribution (1), it is not difficult to obtain a formula
describing the average number of neutral pions at a fixed value of the charged-track
number n,. From (3) it follows that

2{Ng>p, + {(Myn, + s,
W, ’

(6) Mo, =

After some calculations we find from (6) the following expression for the m—p inter-
action :

(7) e, = by + Ky(n, — 7o) ,

where k, = a’ + «,, k= b/2¢', and %, = 24’ + 2 is the average number of charged par-
ticles in ®—p interactions.

For the case of the =—n interaction such a dependence is somewhat complicated (4);
however, under the condition that the parameter «, is small (x, = 0.18), from (1) and
(6) the linear dependence of the average number of neutral pions {nm), on the number
of charged tracks n, follows, as well. In this case the correlation is defined by (7) with
the average number of charged particles in n—n interactions 7m,= 24 + 2«;+ 1.

To compare formula (7) with experiment an additional parameter 4 has been in-
gerted into (7), which means some correction due to a possible charge exchange process
in n-p interactions (r—p—=®n4-...), and also to other possible dissociation channels
of the leading particles (*): k; >k, + Ax-x- _

At the present time data with great statistics (6000 y-quanta) on the dependence of
the average number of 7%-mesons on the number of charged particles have been obtained
for =—p and ~n interactions at P= 40 GeV/c (*). The resuits of a comparison of the
proposed modet with these data are shown in Fig. 2. The parameters are as follows:
b= 0.56 + 0.06, A-,= 0.42 4 0.05; and the parameters a' and «, were taken from
the charge distribution fit. Good agreement with experiment (y? ~ 0.5 with one
‘degree of freedom) confirms the prediction of the model about the linear form

(*) We note that most of the other models (Wong-II, Poisson, etc.) do not provide a sufficient descrip-
tion of the experimental data at P = 40 GeV/c.

(1) «C. P. WanG: Nuovo Cimento, 64 A, 546 (1969); Phys. Rev.,180,1463 (1969); Phys. Lett., 30 B, 115
(1969).
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i 2. - a) ® ~p at P, =40 GeV/e; XE =2, b=0.56 £ 0.06, 4 =0.42 £ 0.05. b) ©n at P, =40 GeV/c;
X5=3, b=

0.56 £ 0.06, A4 =0.04 + 0.08.

of the correlation:

(8) (Npdg, = A + Bn,.

It is worth noting that the slope B coincides, within errors, for =—p and =~n
interactions {Bg-,= 0.16 4 0.02, Br-,= 0.15 £ 0.02); this is one of the conclusions of
the model. Indeed, the slope is related to the ratio of the average number of hadron

dissociations
1 N(w->wtr—n0)
T 2N(a»ntn) + N(w->wtrn)

(9) B

which were assumed to be independent of the type of colliding particles.

As is known, the experimental data obtained on ISR in pp collisions also dem-
onstrate a dependence of the type of (8), but the slope B ~ } and 4 is small. Within
the framework of the suggested simple model the absence of correlations between {nyd,,
and n, at E<20GeV and the limiting dependence {(npp,, = n, at F ~ 2000 GeV
can be naturally explained, if N(w) < N(c) at low energies, i.e. B~ 0, is assumed;
and with increasing energy a fraction of the o-associations disappears and we have
N{(w) > N(o), i.e. B=1}.

* ok ok
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